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REPORT  ON  TESTS  OF  GAS  METERS  MADE  K)R  THE  CIIY 
OF  TORONTO.  MAY  AND  JUNE.  1908. 


<  I 


TiimiM'cp,   ,li  \»    L'liiii,    lyoN. 
Hi»   W'orihip  ilayiir  UHii-r,  fily  Hull.   Toninli): 

Sib.-  H«TP»illi  iilfUM-  tinil  my  it'imrl  on  tcslH  of  k;i«  iiiftiTs.  ami  tlii' 
luetliodH  uf  inti|>t>(j(i<)ii  iiMt-il  in  'roioiito 

I  luivc  llif  honor  lo  lit-.  Sir, 

Your  olicillftit  servant. 

HollKKT    W     A  Mil  s. 

Tilt;  Sii.i-i  riu.s  oi    ink  .M»:ik.kk   iii  iiK  'rfsiKD. 

Id)    77ic  t'irat  Sil  „f  Mitria. 

■rmi«.v.  .May  ::i.  l!tn>,  |  i-..<,.iv,.(l  a  Iflt.i  from  .Mayor  OlU.-r.  i.at.d 
May  L'll.  aiipoiiitiTiK  me  to  r.'i.rcKfnl  the  City  of  'roioiilo  on  thi-  tests  of  a 
nunilier  of  khs  meters  to  l)e  iii  ide  at  the  '.ia.-*  anil  Klei  Irit  lns|.e(tion  Offlie  of 
the  Inland  Heveniie  lleiiartnieiit.  in  Ih,'  rear  of  |ii  Toronto  Street.  The 
letter  also  stated  that  a  list  of  the  met.  ■  he  tested  would  he  ^iven  nie  hy 

Mr.    R.   C.   Harris,    l'ro|ii  rty    Commlsslor  I.   Iherefoie.   ol.fained    this   list. 

which  included  Tui  meters,  and  heKan   the  tests  on  May  21st. 

The  meters  meiitione'l  aliove  weie  delivered  hy  the  Consumers'  Uas 
("onipany  to  the  Inspectors  office,  and  il  was  therefore  iniiiossihie  for  me 
to  K**!  definite  information  as  to  their  history  or  location.  Some  of  them 
were  In  the  Inspector's  office  when  I  hpnan  the  tests,  the  remainder  haviim 
been  delivered  to  the  place  of  test  in);  on  or  about  .May  2:!rd. 

(()(    The  StTonil   Set  of  Mtliis. 

It  Is  impossible  for  anyone  to  interfere  with  the  nii-chanism  of  a  gas 
meter  without  the  cise  showing;  clear  evidence  of  the  fact.  Howev^-r.  ex- 
posure of  the  meters  to  considerable  heat  or  pressure  does  have  an  effect  on 
the  leather  in  the  bellows,  and  In  an  investigation  of  this  kind  it  is  in  the 
interest  of  all  concerned  that  a  disinterested  iierson  should  .see  the  meter 
removed  from  the  i)Ulldin»;  in  which  it  is  used,  and  should  have  it  lom- 
pletely  under  his  control  till  the  investlKation  is  finish.'d.  It  was  for  this 
reason  alone  that  the  second  set  of  metei-s  w.i«  chosen.  There  was  n  )  i^ 
sire  to  cast  any  retlection  on  the  (Jas  Company;  and  in  koIiik  over  tli.  ,r 
shops  with  considerable  care.  I  was  impressed  with  the  careful  handllim 
and  storage  of  meters  after  Inspection  liy  the  (iovernme;' 
I 

It  was,  therefore,  thouKht  best  that  I  should  choose  a  number  of  mtters 
without   the   previous    knowledge   of    the    CJas   Company    as    to    which    ones 


wuiild  b«-  Mi'lfrtt-d.  Act-uriliiiKly.  un  June  loth,  I  w«-nt  with  a  repregpntAtive 
to  the  (lax  ('oiii|iany'H  uflli'i'M,  aiiU  their  IxKikH  KlvInK  a  rerord  of  a  large 
niinilH'r  of  their  iiielerH  were  handed  over  to  un.  Twelve  t  leters  were  selected 
from  the  IiouKh,  the  liHt  iK'InK  kept  in  our  poHueiiHion.  On  il  afternoonH  of 
June  loth  and  llth,  my  reiireHenlative  went  around  with  an  emiiloyee  of 
the  (JaH  Coni|mny  and  eollected  the  nielerit,  Hiinply  notifying  the  latter  where 
he  wuN  to  go  next  after  a  meter  had  lieen  taken.  Ah  hoou  aM  the  meters 
were  brouKlit  In  they  were  scaled  with  a  (iovernnient  seal  und  kept  at  the 
lUHliector'ti   ofllre    until   teHted. 

In  the  rolleetion  of  llnse  nieterx  the  work  wan  farllltaled  by  MeHsri. 
Pearson  and  Hewitt,  of  tli>'  liiiH  ('imi|iany,  who  enaltled  me  to  get  Information 
from  their  bookK  which  »oul<l  Hecure  an  average  Net  of  meterx. 

TilK   Mk'iiiiio  UK  Tkmi.vo  tiu:   Mktkhh. 

In  deeidiui;  upon  the  method  of  teHtIng  the  meters,  I  hud  to  be  guided 
by  the  (3m  Inspection  Act,  and  I  shall  give  certain  iwi'tlonM  of  this  Act  so 
that  the  plan  adoiited  may  be  underxtood: 

Section  (4  I  "The  only  standard  or  unit  of  measure  for  the  sale  it  gaM 
by  meter  Hliall  be  the  cubic  fool,  containing  sixty-two  poimds  and  three 
hunilred  and  Iweiity-one-thousamltlm  of  a  pound  avoirdupois  weight  of  dis- 
tilled water,  '..elghed  in  air  at  the  temperature  of  sixty-two  degrees  of 
Fahrenheit's  thermometer,  the  liarometer  being  at  thirty  inches." 

Section  (19) — "No  meter  shall  l>e  Ktami>ed  which  Is  found  by  the  In- 
spector to  reglslt  r,  or  capalile  of  lieing  made  to  register,  quantities  varying 
from  the  true  standard  measure  o*°  f(as,  more  than  three  per  centum  In 
favour  of  the  seller,  or  four  per  c      .mi  in  favour  of  the  consumer." 


Section  i2ii) — "The  verincation  and  testing  of  meters  and  gas  shall  be 
performed  in  accordance  with  the  provisions  of  this  Act,  and  with  such 
further  regulations  not  inconsisteiit  therewith  as  are,  from  time  to  time, 
made  by  the  Governor  in  Council." 

Section  (20) — "The  following  rules  shall  be  observed  by  the  Inspector 
in  testing  meters: 

'(«)  Tlie  wheelwiirk  and  other  appliances  whereby  the  registering 
indices  are  moved,  shall  be  verified  in  such  manner  as,  from  time  to 
time,  is  i>rescribed  by  regulations  made  by  the  Minister; 

"(fi)  The  meter  shall  be  tested  for  soundness  or  leakage  only,  and 
not  for  percentage  of  error,  when  fixed  on  a  horizontal  base,  and  with 
air  or  gas  under  a  pressure  equal  to  a  column  of  water  three  inches 
high  and  passing  not  more  than  one-twentienth  part  of  its  measuring 
cajiacity  per  hour  marked  thereon,  nor  less  than  one-halt  of  &  cubic 
foot  per  hour  for  all  meters  of  a  measuring  capacity  not  exceeding  one 
buudreil  cubic  feet  i>er  hour — and  not  more  than  one-fortieth  part  of 


itii  milil  cm  parity  jht  Iidiii-  f<ir  all  nu'tiTH  of  miy  tsiiMl.r  iiDaHiiiliiK 
rapnrUy  |H-r  lioiir  than  oii>'  hiiixlii'il  I'lilili-  r4'<'t .  ami  all  tni'icrx  rniiiul  In 
work   iiikUt  hihIi   li-xt.  and   iii>iit'  (iiIhi'.   kIuiII   Ih'   ilri'iiii'd   ouiiud  iik'Iiis, 

"(()  Tlif  liH'Ifi-  to  lie  tfKtcd  for  iHTiciilaKc  >'f  firoi'  shall  he  tlxrd 
uii  II  horizoiili'l  iKim'.  and  shall  l»'  Irslt'd  u  a  int'ssnri'  n|iial  in  a  iiiliiinii 
of  water  oiie  inch  liiKh,  and  also  tinder  a  iircssuD'  i'i|nal  to  a  coliiinii 
of  wattT  Hvc'tcnths  of  an  inch  lilKh.  and  passing  the  i|uiMtli>  of  tiar.  or 
atinuspht'ric  air  pt-r  lionr,  whiih  shall  )»'  marked  thereon  as  Its  ncasni 
iUK  cuiuu'lty  iK'r  hoin\  and  ilie  water  iiM-d  In  snih  tesiliiK  ani)  the  air 
uf  the  room  in  which  such  testinK  is  made,  shall  lie  as  nearly  us 
practlcuhlf  of  the  same  teiniieialnii'  as  tlie  >;as  or  air  passed  throiiKh  the 
Ulfter." 

Thus  hectli.n  (4)  gives  the  dellnilion  ol  tli.  i  nhic  f(M)t  wliich  is  to  lie 
used  as  the  unit  of  nieasurenient.  Section  ( L'l;  i  >;ives  tiic  rules  to  !»•  oh 
served  in  nrikinri  the  tests  Jind  the  cunditions  under  which  the  latter  iiie  to 
lie  made.  Section  i  I'M  wives  the  limits  of  error  to  he  allowed  in  meters  as 
tested;  liiit.  It  is  not  deir  whether  the  meters  may  lie  triiil  in  ati>  way 
wliatever,  or  miist  lie  trii'd  uniler  the  conditions  named  in  seillon  l.'ti  icl. 
1  shall  refer  to  this  matter  a»;aiii  at  the  end  of  my  repoit.  hut.  in  tlie  mean 
time.  I  have  interpreted  it  as  meaniiiK  lliat  the  error  is  not  to  exceed  thai 
glTen  in  uectlou  (lyi,  when  the  lest  is  made  accordiiiK  to  the  rules  laid 
down  in  iiectlon  t'i6>. 

The  regulations  permitted  li>  section  li:5|  of  thn  Act  are  emhodied  In 
a  printed  circular  sent  to  each  of  the  ins|ieclurs  of  meters,  and  these  regula- 
tioDH  give  the  details  of  the  method  uf  carrying  out  and  Interpreting  the  Act. 


In  order  to  facilirate  the  work  of  the  inspector,  the  Act  further  provides 
that  gasholders  carefully  conipured  witli  the  standard  cul)ic  foot  shall  be 
used,  so  that  the  meters  are  not  tested  directly  by  the  standard  cubic  foot 
tm-asure.  hut  by  a  gasotiieter  or  nasholder  wliich  is  llrsi  Kradualed  by  nnuns 
of  a  standard  cubic  foot  "  bottle."  1  his  "  bottle  "  is  keiit  in  the  possession 
of  the  Inland  Kevenue  Department  at  Ottawa,  and  is  sent  around  from  time 
to  time  to  the  different  inspectors,  so  that  liy  comparison  with  this,  their 
holders  may   lie  always  maintiiiied  in   uood  and  accurate  condition 

In  the  CJas  Inspection  Offices  in  Toronto,  there  are  in  ail  five  (gasholders, 
each  having  a  capacity  of  about  eleven  cubic  feet.  One  liolder  is  located  iu 
the  office  at  the  rear  of  10  Toronto  Street,  and  the  remaining  four  in  a  loom 
controlled  by  the  Cas  Inspector,  on  the  premises  of  the  Consumers'  tjas 
Company. 

Kach  of  these  holders  Is  provided  with  a  s<alo  divided  into  feet  and 
fiftieths  of  a  foot,  so  that  the  exact  ai.iount  of  air  passinc  u  of  it  during  a 
given  time  may  be  nad  to  fiftieths  of  a  foot,  and  the  ne  irest  hundredth 
may  be  readily  estimated. 


TtMTIMl    tl»'    ArPARATI'H    UhKO. 

in»  Thf  tHanilaril  Hnillf.  Ah  th«'  only  unit  for  thf  iiH'Wuremt-nt  of  f u 
iH  the  luliif  fool  iiK  Uftliiftl  I))  MPctloii  (4(  of  the  Art,  It  wbm  DtHviwary  that 
ihf  Htuudurd  ciiliii-  foot  ■  liottli-  "  tihould  b«  temrd  Thl»  wua  done  by  fliling  tt 
wIlU  diittillcd  water  Utween  the  iiiirkb  llmliinK  the  jublr  foot,  and  then 
welKhliiK  thitt  Wtttei  und  torrectlUK  the  result  for  differeni-e  of  tuniper.Uure. 
I  found  thdt  the  bottle  held  tiLM'J  llm.  of  diKtIlled  water  at  a  temperature 
of  74'  K.,  which  when  eorreeted  for  teni|)era(ure  to  correHpoud  to  the  ataod- 
urd  of  W  K.,  Kuve  u  welnht  of  ti:'  ^57  lbn..  which  dlfTent  from  the  Htandard 
welKJit  of  oa.IlL'l  Um.  by  aliout  one-tenth  of  one  per  cent.  The  bottle  waa, 
therefore,  UMHUUieil  to  be  correct. 

[b)  The  (laiihiMi  r.  An  ull  the  meter  tentH  dewcrlbed  In  thU  report  were 
umde  at  the  liuH  luhpectlnn  Office  In  the  rear  of  10  Toronto  Street,  the  holder 
in  tills  offlci'  wuN  very  carefully  calibrated  by  meanit  of  the  ataudard  cubic 
fool  liotile.  I  found  durluK  the  IchIh  th:it  thia  holder  waH  Momewhal  out  of 
udJUKtiiieni:  but,  an  It  worked  with  perfect  freedom  and  Rave  quite  uniform 
reHUllH,  I  decided  to  continue  the  tevtH  and  afterwarda  to  calibrate  the 
holder  under  the  exact  coudllloUH  under  which  It  had  been  uaed.  I  found 
that  certain  correct Ioun  hud  lo  be  made  on  thIa  account,  but,  allowance  baa 
been  made  for  all  thetie  in  the  rexulta. 

1  next  exumint'd  lb"  divlHloua  on  the  acale  on  the  gaabolder  by  mcaaa 
of  a  stei'l  scale  divided  Into  hundredth!,  of  -a  inch,  and  I  found  that  the 
divisions  had  not  been  accurately  made  ..ud  wire  Irregular  in  many  placea. 
For  exaniiile,  1  found  that  in  certa.a  caae,*  divisions  were  0.05  in.  and  in 
others  O.os  in.  apiirt,  whereas  they  should  have  been  .064  in.  a|iart  The 
scale  on  this  holder  is  not  good;  in  some  places  the  markings  are  almoat 
illegible,  und  there  are  frequent  errors  of  division  of  the  kind  mentioned. 
Tlicse  inaccuracies  have  been  allowed  for  in  the  tests. 

This  holder  is  not  in  Kood  condition  mechanically,  and  tberu  are  riear 
indications  thai  it  is  freciuenlly  out  of  adjustment,  tt  should  be  pu:  in 
tirst-class  condition  unci  provided  with  a  new  scale  at  once. 

I  think  it  only  fair  to  piiiiil  out  that  the  holder  is  not  used  on  regualr 
work,  meters  lor  llie  general  city  service  being  tested  at  the  Government 
Office  on  the  Consumers'  (las  t'onipany's  premises. 

The  TtsTs. 


In  making  the  tests,  the  procedure  was  as  follows:— The  meter  to  be 
tested  was  first  placed  upon  a  level  bench  and  ita  inlet  Connected  by  means 
of  a  pipe  lo  the  gasholder.  In  the  case  of  five  and  three  light  meters,  pro- 
visions was  made  for  taking  the  temperature  of  the  air  as  It  left  the  holder. 
as  it  entered  llie  meter  and  as  it  left  the  meter,  special  attachments  being 
provided  at  the  meter  for  the  purpose.  The  temperatures  of  the  room  and 
of  the  water  in  the  hold-         're  also  taken.     In  the  case  of  the  ten  and 
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twenty-llKht  mnrtd,  tht*   ieni|><>riit    •  <n  wf 
meter,  liiit   werf  Inken  al   exit   In   :   iwt  r 


nn(    iiiki-ii   at   ••ntrani'i-  to  ihi- 


AftiT  the  meter  had  iM-j-n  connei'ifd  an  almve  (ii>M<TllH>il,  the  ouili't  »um 
eloBfd  by  a  cap,  nnd  tht*  niftfr.  pl|Hi(  aii'l  holilrr  witc  »iihj«.rlcd  to  .n  ..•«■ 
•lire  corre»|ioiidlnK  to  thrw  Inrhcii  of  vs.iicr  loliiiiiii  for  a  iM-ilod  ol  «>••■ 
minuteH.  Thin  tent  w»»  to  dftfrnilii*-  thf  condition  of  the  ciiw  of  the  mi'lrr, 
•nd  the  remiltii  of  It  are  ih>I  down  In  thi>  tal)li>  under  thf  hciidinK  "  Lt'iikaRi-  " 
ThlH  leakaKi>  teitt  Ih  mil  the  one  premrllied  In  wrilon  i'2f>  In  of  the  Act.  hut. 
an  the  requirementM  of  thiM  ituli  He<'tlnn  conld  n<''  !»■  cnirled  out  In  re  ihoikiIiIi' 
timo  without  openlnR  the  meters,  I  decideil  to  HiiiiKtItnte  the  iiliove  IimKiikh 
teat.  Aa  the  aub-.X'ctlnn  Ih  appHrently  niea'it  to  whow  whether  a  meter  will 
register  properly  or  not  when  paMwInK  a  Kniall  quantity  of  nnn  at  hiKh  i  reH- 
sure,  I  think  the  (]aH  Company  will  look  after  Its  I'-'-reMtK  In  thin  re'  'ect, 
aa  It  Is  a|>|>arvntly  framed  for  the  protection  of  the  h>       •  of  nan. 

The  next  test  was  that  for  iM-rcentajte  of  error  under  li'  cnnd  .a 
desrrit)ed  In  section  2<>  (c>  As  re<inlred  hy  the  Act.  Ih'  mel<r  w  m  tcxted 
under  two  different  preKsnres,  which  were  ax  near  to  one  li:.  .  n'ld  to  one- 
half  an  Inch  of  water  column  as  posHHllile.  In  »»  te  tist»  ih'  i.r.unt  of  air 
passed  throuKh  the  meter  per  hour  was  as  ne  .  w  ptmsMili  r  jual  to  the 
raparlty  imt  hour  stami    d  on  the  face  nt  the  n       ■.  except  In  two  lascK. 

Mi-8.  A.  U.  .Mirtln  and  Cowan  Avenue  KIrehall. — See  Tables  I.  ami  II. 

It  was  dlfllrult  to  realize  exactly  the  re<|ulremenlH  of  the  Act  either  as  to 
quantity  or  pressure:  hut,  the  actual  conditions  aiiprouclied  those  required 
very  closely  In  all  eases,  and  the  actual  dlscharKes  and  pressures  are  Riven 
In  the  table.  The  rate  of  dlscharpe  of  the  air  wax  controlled  by  screwliiR 
a  cap  on  the  outlet  of  the  meter,  which  had  an  orlflce  of  suitable  size  to  pass 
the  desired  quantity. 

To  test  the  accuracy  of  the  wheelwork  and  recording  devices  n.s  required 
hy  BWtion  26(a)  of  the  Act.  would  require  the  openiiiK  and  dNniantlint;  of 
each  meter,  and  1  did  not  desire  to  have  ihis  done.  I  had  o'  ■  of  the  meters 
opened  and  found  the  tr.iln  of  wheels  correct.  I  also  obtained  one  of  the 
dials  from  the  stock  room  of  the  (Jas  Company  and  found  it  to  be  correct. 
As  I  consider  the  liability  to  error  on  this  point  to  be  small,  I  did  not  carry 
the  investigation  further. 

Resilts  <>p  tub  Tksth. 

Particulars  as  to  the  meters  submitted  to  me  for  test  are  Riven  In  Table 
I.     I  have  arranged  them  in  groups  as  to  the  makers. 

Col.  3  gives  the  date  on  the  tin  label  soldered  on  eich  meter  by  the  Gas 
Company. 

Col,  4  gives  the  date  of  removal  of  the  meter,  and  was  taK.'n  from  the 
tag  attached  to  the  meter  giving  the  name  of  the  consumer,  etc. 
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Col.  5,  tlie  date  of  tlie  Covemment  InBpection  Is  shown  on  wax  seal 
placed  on  the  top  of  the  meter,  and  generally  corresponds  with  the 
date  lal)el  attached  by  the  (ias  Company. 

The  remalnlnK  columns  Rive  data  plated  upon  tne  case  of  the  meter  by 
the  maker  as  required  by  the  (Jas  Inspection  Act.  With  reference  to  this. 
It  may  be  said  that  In  practically  all  cases  the  number  of  feet  of  gas  per 
light  was  reckoned  as  six  by  the  makers,  while  the  Act  states  that  "  each 
light"  hhall  be  "computed  to  consume  five  cubic  feet  of  gas  per  hour  under 
a  pressure  equal  to  a  column  of  water  five-tenths  of  an  Inch  high."  It  may 
also  be  stated  that  many  of  these  meters  have  been  repaired  and.  In  some 
cases,  almost  remade  by  the  Gas  Company,  so  that  the  maker's  date  may. 
in  these  cases,  mean  little  more  than  the  date  on  which  the  case  was  made. 

The  results  of  the  tests  are  Kiven  in  Table  II.  The  leakage  In  five 
minutes  Is  the  quantity  which  li>aked  out  of  the  case  when  the  meter  was 
subjected  to  a  pressure  .■quil  to  a  column  of  water  three  Inches  high  with 
the  outlet  pipe  closed,  it  is  an  indication  as  to  the  quantity  of  gas  that 
would  leak  into  a  cellar  through  the  meter  case,  and,  as  Is  evident  from 
the  table,  was  i  .  ;ill  cases  very  smill. 

The  remaining  columns  give  the  exact  pressure  In  Inches  of  water 
during  the  test,  the  nunib.-r  of  cubic  feet  per  hour  passing  through  the 
meter,  and  the  percentage  of  error  fast  or  slow,  all  quantities  being  given 
for  the  two  pressures  specified  in  tht-  Act. 

In  computing  the  percentage  of  error,  a  correction  was  made  for  tem- 
perature In  all  cases  where  thi-  temperature  of  the  air  passing  through  the 
meter  differed  l)y  one  degree  or  more  from  the  temperature  of  air  in  the 
holder.  In  making  such  correction,  the  temiierature  of  the  air  In  the  holder 
was  taken  as  the  mean  of  the  room  and  of  the  air  leaving  the  holder,  and 
the  temperature  of  the  air  at  the  meter  as  the  mean  of  the  Inlet  and  outlet 
temperatures,  or  if  these  were  not  known,  the  temperature  at  the  outlet  of 
the  meter  was  taken.  This  differed  very  little  from  the  temperature  of  the 
room. 

For  convenience,  1  have  placed  in  Table  III.  a  list  of  the  meters  Included 
In  Table  II.  which  should  l)e  rejected  by  an  inspector  as  being  outside  the 
limits  of  error  allowed  by  law. 

Of  the  total  number  of  meters  tested  14  were  rejected,  24  were  fast 
and  19  were  slow.  One  meter  of  the  ordinary  thre.<>-light  size  had  been 
reconstructed  by  the  das  Company,  and  a  dial  for  a  five-light  meter  had 
been  iiut  in.     The  dial  registered  correctly  however. 

S.  Eagen's  meter.  No.  IMSH.  was  further  examined  to  find  out.  if  pos- 
sible, the  cause  of  such  a.  large  error.  First.  100  cu.  ft.  of  air  was  passed 
through  it  at   1   in,  pressure,  and  at  the  rate  of  T.'j  cb.  ft.  per  hour  (a  much 
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bigher  rate  than  required  by  the  Act),  and  the  meter  replslered  iilioiit  l."iO 
cii.  ft..  HhowinK  thit  It  ran  Homewhat  fa-ster  under  Ihist  higher  rate  of  (low. 
The  meter  was  then  taken  apart  and  the  Vather  In  the  back  bellows  was 
found  to  be  tn  very  bad  condition,  and  hard,  and  the  stroke  o(  the  back  dia 
pbragm  was  very  small      The  cause  of  this  defect  is  unknown  to  me. 

Tables  IV.,  V.  and  VI  give  similar  results  to  the  former  three  tables: 
but,  on  the  twelve  meters  that  I  selected  from  the  t'ily  In  the  manner  de- 
scribed in  the  early  iiart  of  this  report,  ten  of  these  meters  were  slow,  and 
of  the  other  two.  neither  was  fast  enouKh  to  exceed  the  percentage  allowed 
by  law.  I  did  not  measure  the  leakage  for  iiuy  of  these  meters,  as  no  com- 
plaint had  been  made,  so  far  as  I  know,  about  any  of  them,  and  leakaso 
would  have  been  noticed  at  once. 

1  hive  made  notes  about  each  of  these  meters,  which  were  obtained 
when  my  representative  went  to  the  houses  to  remove  them.  These  notes 
are  as  follows: — 

James  Chan — Chinese  laundry.  Meter  close  to  outside  friune  wall  on  ground 
floor.     Temperature  fairly  high  in  room  on  account  of  irons. 

M.  Soloway— Meter  in  cellar  wall;    no  furnace  in  cellar;    not  quite  vertical. 

E.  G.  Lynch     Meter  on  cellar  wall ;   no  furnace. 

J.  A.  Woodward — Meter  on  cellar  wall  20  f'l't  away  from  hot  air  furnace 
and  5  ft.  from  window.    Thought  bills  high. 

Geo.  Yeo— Meter  on  cellar  wall.  10  ft.  from  hot  air  furnace  and  5  ft.  from  a 
flue.    Thought  bills  reasonable. 

J.  D.  McGIU — Meter  on  cellar  wall,  set  at  an  angle  of  1.1  degrees  to  vertical, 
25  feet  from  hot  water  furnace.  1  ft.  from  window.  Large  bill  last 
quarter. 

,1.  W.  Reeves — Meter  on  cellar  wall.  20  ft.  from  hot  air  furnace. 

J.  M.  Percy — Meter  on  cellar  wall.  10  ft.  from  hot  air  furnace.  .".  ft.  from  a 
window.     Thought  bills  reasonable. 

Milbum  Co. — Meter  on  cellar  wall;  furnace  in  adjoining  room. 

Reld  Bros.,  Cabinet  makers — Meter  on  cellar  wall,  I!  ft.  from  wiiiiiow;  gas 
engine  20  ft.  away. 

Stan.  Walker,  Furrier— Meter  on  cellar  wall  l.")  ft.  from  hot  air  furnace  and 

2  ft.  from  a  window. 

F.  R.  Settle,  Butcher — Meter  on  cellar  wall  ?•  ft.  from  window;  no  furnace. 

Gas  engine. 
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As  there  are  over  50,000  meterK  In  the  city.  It  Is  not  possible  to  make 
very  certain  deductions  from  such  a  small  numl)er  as  twelve;  but,  It  would 
Indicate  that  ttie  meters  have  a  tendency  to  run  slow  rather  than  fast. 

* 

Kl'KTIIEB    InVKMTIOATIO.NS. 

(a)  Examination  of  the  Four   aanholdem    usid    in    Testing    the  Meten  for 
Ketiular  Consuniem. 

As  I  pointed  out  in  the  earlier  part  of  this  report,  there  are  Ave  gas- 
holders in  the  Inspection  Offices  of  this  City,  the  four  which  are  used  for 
the  testiuK  of  consumers"  meters  lieinK  placed  in  a  room  on  the  Gas  Com- 
pany's premises,  the  room  belnt?  in  control  of  the  Gas  Inspector.  In  view 
of  the  fact  that  these  holders  are  used  as  descrilted.  I  thought  It  necessary 
for  the  investigation  that  I  should  examine  their  accuracy.  The  results 
of  the  tests  on  these  gasholders  are  given  in  Table  VI I.  The  scales  on  these 
holders  were,  on  the  whole,  well  divided,  and  the  latter  appeared  to  bo  In 
good  mechanical  condition.  Wherever  errors  occur  in  the  volume  shown 
by  the  bolder,  they  are  all  of  such  a  nature  as  to  make  the  meters  appear 
faster  on  the  t' :  i     than  they  are  actually. 

(h)    The  Vnrintiiina  iii  I'rrsmire  of  the  (Jcm  and  the  Kffeet  on  the  Meter. 

Unknown  lo  the  Gas  f'onipany.  I  bad  a  record  taken  of  the  pressure  of 
the  gas  in  my  residence  in  Howland  Avenue,  This  record  was  taken  for  an 
entire  week  beginning  Saturday.  May  .SOfh.  and  ending  the  following  Satur- 
day. In  all  c;ises.  the  gas  burners  in  thi-  house  were  almost  entirely  shut 
off  during  the  reading  of  the  pressure. 

The  minimum  pressure  was  1.9  Inches  at  .s  a.m..  .lune  1,  although  at 
several  other  times  the  pressure  only  slightly  exceeded  this.  The  maximum 
pressure  was  4.3  inches,  which  occurred  at  7  p.m..  .lune  1.  and  I  found  sev- 
eral times  that  toward  this  same  hour  the  pressure  ran  over  4.5  Inches. 
Several  variations  of  pressure  of  about  1   in.  in  an  hour  occurred. 

I  used  the  above  data  a.s  the  l>asis  for  a  fi'W  experiments  on  a  certain 
meter,  on  the  afternoon  of  .lune  H>.  and  1  hid  hoped  to  make  sonu'  complete 
experiments  along  this  line.  Iiut.  as  the  investigation  has  already  lasted  a 
considerable  time.  I  thought  best  to  curtail  the  work  as  much  as  possible. 

The  results  of  this  investigation  are  given  in  Table  VIII.,  and  show 
that  the  error  in  the  meter  will  depend  on  the  pressure  at  which  It  Is 
working,  and  the  rate  of  flow  of  gas  through  it.  The  tal)le  is  well  worthy 
of  careful  study  and  shows  that  the  error  may  be  Increased  from  3.1  per 
cent,  to  fi.;!  per  cent,  by  an  increase  in  pressure  and  discharge,  and  that  this 
error  may  be  reduced  at  the  bigber  pressure  by  decreasing  the  discharge 
of  the  meter. 


I 


This  investigation  sIhiwh  lliat  ttie  error  of  the  nii'li-r  varies  with  ilie 
conditionH  of  Its  line;  l)iil.  I  liave  not  taliPii  ttie  time  to  fliitl  If  llicsc  con 
ditlons  might  be  varied  so  as  to  make  tlie  meter  run  faster.  Smh  .111  in- 
vegtig:itlon  would  t>e  verv  desiral)le. 

(c)  I  liave  also  made  sufflilent  investigation  to  eonvlnre  nie  that  a 
meter  will  not  reglstir  unless  gas  is  passing  through  it  Thai  is.  varia- 
tions in  pressure  alone  are  not  sufficient  to  cause  registiation  Kurlhcr. 
unless  a  meter  Is  out  of  repair.  It  cannot  be  made  to  go  liacUward  more  Ihiiu 
one  revolution  of  the  small  dial  at  the  top  of  the  meter. 

Ukpkeskntativks  at  TiiK  Tksts. 

The  Government  was  represented  at  the  tests  l>,v  Mr.  Ormoml  limiian. 
Chief  Klectrlcil  and  das  Knglneer  of  thi-  Inland  Keveiiue  Department.  aii<i  l).v 
Mr.  J.  A.  Wh.vte,  his  assistant.  Mr.  HIgnutn  was  present  at  liotli  the  l)egiiining 
and  end  of  the  tests  and  during  the  testing  of  the  liold.rs.  Mr.  White  act 
ing  for  the  (iovernnient  at  other  times.  The  Corisirmers'  (ias  Coiiii.anv 
was  represented  b.v  Mr.  W.  J.  Spe:imian.  Koreman  of  the  Meter  Depart 
ment.  All  of  these  gentlemen  did  wiiat  was  in  their  power  to  facilitat,'  the 
work  and  to  make  a  ver.v  tedious  task  iileasant,  and  1  wish  to  return  them 
my  thanks. 

CONTMSIONS. 

Hcmarkx  on   ItimiUs  of  Tvals. 

In  all  there  were  53  meters  on  the  Cit.v  list,  and  of  these  21  were  fast. 
19  were  slow  -xnd  9  were  fa>t  on  one  pressure  and  slow  on  the  other,  while 
one  would  not  work.  The  fastest  meter  was  ns.fi  per  cent.  fast,  and  the 
slowest  was  11.11  per  cent.  slow.  Of  this  lot.  2fi.t  iier  cent,  had  errors 
greater  than  are  allowed  bv  the  Act  and  would  be  rejected. 

Of  the  12  meters  selected  by  mcv  41.7  iier  cent,  had  errors  greater  than 
are  allowed  by  the  Act,  and  would  be  rejected.  The  fastest  meter  was  2.01 
per  cent,  fast,  and  the  slowest  was  N.fix  per  rent.  slow. 

What  strikes  me  most  forcibly  is  the  large  proportion  of  the  meters 
that  would  be  rejected  by  the  Act.  Whether  these  meters  are  slow  or  fast, 
they  are  Inaccurate  and  are  in  bad  condition. 

With  regard  to  tills  percentage,  I  have  not  found  It  eisy  to  get  com- 
parison with  the  work  in  other  countries,  liecause  in  many  American  places 
there  seems  to  be  no  very  rigid  or  systematic  Inspection.  The  following 
figures  are.  however,  from  the  Reports  of  the  Hoard  of  (ias  and  Klectric 
Light  Commissioners  of  Massachusetts.  In  comiiaring  the  tigures  with  the 
results  of  my  tests,  it  must  be  borne  in  mind  that   in   Massactiusetts  the 
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allowable  in'rrcnt  i^e  of  error  is  2  pi-r  cent,  fast  or  slow.  (The  Canadian 
Act  allows  ;i  per  cent,  fast  or  I  per  cent,  slow.)  The  flgures  are  for  the 
.vears  19(1.').  lliOfi  and  1»07.  and  nivv  the  tests  on  meters  against  Which  a  com- 
plaint was  made;  Ihey  are  iliiis  in  the  same  class  as  the  O:!  Mnt  In  by  the 
City. 

Kksiits  of  Tksts   maiie   in   M.\ssac  in  setts. 


Niiiiilii' 

'I'esti'.l 


i.NmiiiHT 

:     si.,« 

I     .Meters. 


Ill  Nuiiilxtr  of  NiiiiiIxT  iif 


Kiist 
MeterK. 


.Meiers 

llejected. 


IVrcei!tiii;e 
Krror   ill 

FH>itesl      ; 
Meter. 


['ereeiilrtge 

Knur   ill 

.Siinvest 

Meter. 


l<M)r> 
I'M  Hi 
1!»07 


7.>M 
.■i.Hi 


•;;{ 


2'.t 


.to'.t 
L'I'J 
177 


4.14 
'.'4ti 

•J<l« 


17 
13 


47 
45 
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The  percentage  of  meters  rejected  in  Massachusetts  is,  therefore,  greater 
than  in  my  tests,  for  there  would  hive  been  2fi  meters  rejected  here  if  the 
limits  of  error  were  2  jn'r  lent..  which  is  a  smaller  proportion  of  the  total 
than   in  the  case  above  (piDli'd. 


Rf:(..vui>iMi  THE  (J.vs   Inspection    Act. 

As  the  (laa  Inspection  Act  appears  to  be  founded  upon  the  corresponding 
Act  passed  in  England  on  August  IS.  IN'.!*.  I  desire  to  (piote  here  certain 
corresponding  sections  in   the   two  Acts,  for  the  s-ilie  of  comparison. 

Section    l!t.   Canadian   Act: 

■■  No  meter  shall  be  stam|ied  which  is  found  by  the  inspector  to 
register,  or  cap:ible  of  being  made  to  register,  quantities  varying  from 
the  inie  standard  measure  of  gas.  more  than  thrfr  iiprcentiim  In  favour 
of  the  seller,  or  (niir  pfnintiim  in  favor  of  the  consumer." 


Section  XII.,  Act  of  Is.iH:  — 

"  No  meter  shall  be  stamiied  which  shall  lie  found  liy  the  inspector 
to  register,  or  be  capable  of  bi'lng  made  liy  any  contrivance  for  that 
purpose  ...  or  by  any  other  means,  practically  prevented  in  good 
meters,   to  register  (|iiuntilies   varying  from   the  true  standard  measure 
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of  gas  more  tUan  two  ptr  if nliim  In  favour  of  the  8»'llfr  or  three  per- 
centum  In  favour  of  tlu'  roiisiinier.  iiml  evwry  nieler,  wli  rr  Htamiwd  or 
UDHtamiiPd,  which  shall  be  found  liy  siich  Inspector  to  i  later,  or  I'e  so 
capable  of  beini?  made  to  reBlster,  quantities  varying  be>ond  the  limit* 
afor<>8ald,  shall  be  deemed  incorrect  within  the  meaning  of  the  Act;  and 
every  meter  which  shall  be  found  by  such  ..-.sp-ctor  to  meanure  and 
register  quantities  accurately  or  not  varyinK  beyoiul  the  limits  aforesaid 
and  shall  be  fouml  incapable  by  any  such  means  as  aforea:iid,  of  being 
made  to  register  ,|unntitles  varying  beyond  the  limits  aforesaid,  Nhall 
be  considered   lo  be  correct 


I 


A  comparison  between  these  sections  shows  at  once  that  the  Canadian 
Act  Is  less  strict  than  the  other  one.  the  allowable  percentages  of  error  in 
the  Canadian  Act  being  greater  th:in  in  llu-  Hrilish  Act.  While  the  differ 
ence  may  seem  small,  yet  I  thinli  it  hius  the  effect  of  allowing  the  use  in 
Canada  of  a  class  of  nuters  inferior  to  those  in  use  in  England,  and  where 
a  maker  sells  meters  in  both  countries,  the  natural  Inference  would  be  that 
the  i)Oorer  grade  come  to  Canada  and  the  better  grade  go  to  Knglaud.  The 
interior  meter,  of  course,  does  not  stand  so  well  and  is  liable  to  develop 
defects  in  much   less  time  than   the  better  one. 


The  British  Act  also  makes  it  clear  that  the  meter  may  be  tested  In 
various  ways  to  find  whether  it  exceeds  the  allowable  limits  of  error  or  not. 
In  the  Canadian  Act  the  matter  does  not  appear  clear,  and  1  could  only 
interpret  section  (I'.D  in  connection  with  section  (2«cl  This  interpreta- 
tion correspcmds  with  that  in  the   Departmental  Uegulations  of  isya. 

In  this  connection.  I  would  call  attention  to  Table  VHI..  showing  the 
results  of  a  short  investigation  on  a  certain  meter  when  working  at  different 
pressures  and  rates  of  How.  When  this  meter  was  tested  according  to  the 
rules  laid  down  in  section  (2C.cl.  it  came  within  t!.e  limiting  error  of  four 
per  cent.  slow,  as  shown  oy  the  first  test  in  the  table;  and  yet,  by  subject- 
ing it  to  various  other  pressures  and  rates  of  How.  it  has  been  possible  to 
make  it  run  over  8i.\  per  cent.  slow.  1  should  also  point  out  that  1  did  not 
in  any  case  subject  to  excessive  pressure,  as  it  would  in  every  day  use 
be  liable  to  pressures  considerably  over  three  inches  of  water  column,  and  It 
might  easily  have  to  pass  much  larger  volumes  of  gas  than  30  cu.  ft.  per 
hour.  I  would,  therefore,  (all  attention  to  the  fact  that  section  (19)  is  in- 
definite. 

If  the  limits  of  error  allowed  in  the  British  Act  were  applied  to  the  53 
meters  tested,  there  would  be  I'J  rejected  as  against  14  under  the  Canadian 
Act. 


^ 
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ThiH  diCrorence  iH  ratlirr  utrikiDK,  as  the  cooditlonH  of  the  Britiith  Act 
would  rai»f  the  perceutuKe  of  nivters  rejected  from  26.4  per  cent,  to  35.8 
l>er  i-eut. 

(Noil.-  In  tijo  BritiHh  Act,  the  meters  have  to  be  tested  at  the  one 
IMVKHure  of  une-half  inch  of  water  column  only.) 

1  Itelieve  that  the  Canadian  Act  should  be  so  modified  as  to  bring  Into 
use  liere  tlif  liest  class  of  met>r,  and  that  the  allowable  errors  should  be 
not  greater  tliun  elsewhere. 

lleferiiug  again  to  the  British  Act  of  1859,  It  is  found  that  there  is  no 
section  corresiioiuiiiig  to  8e<llon  !2«")  of  the  Canadian  Act,  referring  to  the 
proving  of  the  whcelwork.  The  regulations  laid  down  in  this  section  can- 
not be  carried  out  without  having  the  meter  oi)ened  to  give  access  to  the 
gear  wheels  and  dials.  Since,  in  testing  for  accuracy,  the  observations  are 
made  to  depend  upon  the  small  dial,  it  is  evident  that  this  dial  might  be 
registering  with  accuracy  and  yit  through  incorrect  gearing,  the  meter  may 
l)e  giving  entirely  wrong  results.  I  do  not  think  such  conditions  are  com- 
mon, but  I  do  think  that  there  should  be  no  chance  of  such  a  thing  happen- 
ing, and,  therefore,  that  some  means  of  checking  each  of  the  trains  of  gears 
u.sed  in  a  meter  should  be  adopted. 

Further,  the  pressures  mentioned  in  ihe  Canadian  Act,  under  which  the 
meters  are  to  be  tested,  are  not  those  to  which  the  meter  will  be  sub- 
jected in  iiiactice,  and  hence,  a  meter  which  may  come  within  the  limits 
of  error  allowed  by  the  Act,  under  the  test  conditions,  may  be  much  more 
inaccurate  under  actual  working  couditionK.  An  examination  of  Table  VIII. 
will  throw  some  ilglit  on  this  point. 

The  test  prescribed  by  section  (2til)»  for  soundness  or  leakage  Is  also 
difficult  to  exi'cutt  in  any  leasonalile  time,  where  a  meter  is  closed  and 
ready  for  service.  The  rate  at  which  the  gas  Is  to  be  passed  through  the 
meter  for  this  tost  is  so  low  that  it  would  take  about  fifty  minutes  to 
piss  one  cubic  foot  on  a  five-light  meter,  and  I  doubt  if  the  spirit  of  the 
clau.se  could  I.e  followed  when  less  than  one  cubic  foot,  or  at  the  very 
lea.st,  oni-haif  a  cubic  foot  of  gas  has  passed  through  the  closed  meter.  It 
will  thus  lie  seen  that  the  time  required  in  such  work  would  be  very  great. 
The  (Jas  Company  make  a  test  of  similar  nature  to  this,  but  it  Is  always 
made  liefore  the  top  is  solaered  on  the  meter,  in  wliich  case  the  test  can 
be  applied  in  a  few  minutes.  It  is  obvious  that  tests  made  by  a  Govern- 
ment Inspector  on  a  meter  which  Is  open,  and  which  can  be  again  thrown 
out  of  adjustment,  are  useless. 

After  a  careful  ly  of  the  whole  matter,  I  feel  that  the  Government 
should   i;o   carefull  r    the  (|uestion   of  gas   meters,   and   draft    rules   for 

testing  which   will      niiig  the  Government  tests  more  into  accordance  with 
the  working  comlitlons  of  the  meters,  and  should  deal   with  other  matters 


i 
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connected  therewith.    The  work  along  thlB  line  In  altogether  too  gremt  to 
be  attempted  tn  oonn.«ction  with  the  present  Investigation. 

Thin  Investigation  began  Wednesday  afternoon.  May  20th.  and  with 
the  exception  of  the  25th,  2rtth  and  27th  May,  has  continued  uninterruptedly 
■Ince.    The  actual  tfHting  work  stopped  June  16th. 


1 


All  of  which  is  resjiecfully  submitted. 


Toronto,  June  20th,  1908. 


Robert  W.  Asora, 


i 


14 


m 

a 


S 


■3 


4      « •' 

^.:; 

»  5  *  u 

3C     C   —     ""IS 
'»  ■it    "  > 

52  "  a  e 

2    «  IN  —    — 


«  J  u  a, 

i>  -•  ~- 

—  i  &   ■ 
Ji  5  «-= 

=  5-  i  . 

£  •_-;■  = 

2  -5 .5  -  .i 

01  -'-3   1.  - 


E 


^   S 
J   MS 


•aj»a 


"N 


S  '5  tr « '«  a  !S 
S?  5  g  S  ?  S  R 


tt 


3>  ?i  r  j»  t  ■«  X  s  •< 


!  'uouaailsiil 

)UA(UII.IAA<I>)  JO  B)«n 


§  s  ij-  jj  'v  : 

—  —  •*  »  -r  y. 
"»  ¥  X  ■?!  CI  2l' 

•J  S  —  5  ct  X 

-*  ?;  op  X  o  -r 

OO  »l  iS  (M 

"^t »  X  sla~i"'.2 '_-  is  g  3  g  g  '£ 
T  !  m'TTITT  '  I  ill 


s 
s 


So  * 


P 
=  i 


E;  S  ^  5  ?!  ?i  S  5i  ?i  S  J5  5  ?i  »i  S 

>^  S  S  S  S  S  S_S  S  S  S  S  S  S  .B 

I    i    I    I    I    '    I    !    I    I    i    I    11    I 

5-.  »»  -  fi  9  —  -5  5  I-  2  5  a;  .^  2  S 
in  t  -r  M  *  '-  «  S  ~  X  T  $  3  ? 
»      ei  c  5:      rf  5  K  t-  ?.  X  ft  rt  fi 

—      <—  •  —  •<  —  -'  —  -• -t;  i; 


S5 


?t 

^ 

^ 

■*. 

fc* 

V 

-C 

S 

§ 

< 

§ 

«. 

o 

e 

^ 

? 


3.    tj-sr"-.  *  >.^sj_.-2  ^''•««a, 


;  s;  -c  X  s  =  -  ;£  <  ■-  a:  :£ ;;  X  aa 
;  J  •_•  =  i; ;:  5  tI  a:  =  -:■  y:  si  =  -^ 

<  n  ^:  -r  i*  —  '  -  «  ~  -  —  *'  "  "*  "^ 


16 


><■=•■'    Ji::    j> 

^  J  IB  «  T 


—  _•  «  —      -i  -  -  5 

i  3~  >.  =  ;  s  3-5 

I    -  -  J  £  I  ~-  «  '-' 


Sow 


=e  i  X 


X 


^    3i     ^    ■■<    1.'    i* 

iiiiii 

g  '5  £  ^3  *  S     ^    Sr 
ac  »  M  —  «  I-  ~ 


r«   ^ 


9  T 


iiii 


1  ?  ^ 
"  ■*  fc. 


-si 


Jir      Hi 


1  = 


=  ■=  ^    :s=i  ^_ 


"3    ; 


1.1%'7,1L  = 


si 


/  ^ 


•;  «  ■-  i 


■3  -a 


3 


o  I-  •* 


If 


S  Si  i;  ^  ■» 
i      ?:  ft  M 

x"c 


-SI  o 

—  X 


I     I      I 
c  «  = 


"3»« 


=  -r  rt  Ti 


;    I 

'  X  5 


*^  ^  3  A>  *  V  «;  7 

*  a  -»  —  •«-•  71  -« 
5  .S  .-s  M  a  :S  -J  I- 

I.  I-  2  I-  •■£ 

.-  .j;  3  iS  i  . --  §  « 

TTT-T7  '  1 


sss  s  ~  s      « 

r:  ts  Si  •?•  X  —  1  - 


—  ?!  ?■  ri  "  ?"■  f'  ^' 

-   *   a   ">2  —  «2JS 


IT  IT  t  iJ  £  i  2.'  tS 

T'lT'TT 

c  s  =  •■»  «  *'  "-c  •] 

y  S  '5  -  ?  A  s  -i 

■   ;  if  -t  r:  c  r:  ■•■; 


?i  ?i  ?<  ?i  ?i  ?!  2  -  ?i  ;5  ?i  5  - 

>->,  j*»  >>>.>•.  if  •  1-  ^«  i*>  i»  i'  i' 

iS  t  2  l2  S  2^-2  5  £•  5  JS  i  '5 

TTT'Tl""'''" 

«f  «  r.  r.  —  2i  -  *'  ~  ''  "■ 


<-■  5.  •  v.= 


■«    .^ 


*   J  £«^  J. 


<  ='=i':    1  i 


-      ~-      Z  ^:  71  —  X  .  -  i 


-4'-—  -t:<;<y;^Ti-' 


t^     'J  J'  i>  IJ  ~.  I  i' 


S>.L^.i.fi5  "'•      ~     t -■  I'^ii'l-'^ 


S  X  aj  s  ;2  =^ 
5;  ;j<i:z  < 


^1  —  71  r;  -T  I"  -  I-  X 


lb 


I 


S3 
< 


i 

I 

it 


I 

1 
I 

as 


i  If! 


•njj 


}ii.iiiniaj\<';)j<>'»t«fl 


a  i^ 


Li 


« 

^ 

•» 

•m 

J   "iS 

<5 

3 

-^■^1 

k 

5  t 

S    : 

«5   m.\ 

"     fa 

'■  i 

H 

_= 

S     -  E 


•^  •i:S-3 


•-   r   fc"   *   — 

?!!*.£  = 


^  -^  'S  ^ 

^1"    i. 

V  *  =  s  J 


o 


"  <>5      2 


Si 


I 


0 


1  5  .2- 


X, 


g3    5 

I  I      i 


«  «  « 

'•5  3  3"' 

T~  I 

is  i 


^         —     *         ■** 


_   — —    * 


17 


-5  ~ 

■«    . 
13 


is 


& 


7  = 

L 
-    u 


Is 

i 


1 


•Si 


3    . 

S    3 


.5     ! 


3  -•     *** 
4r.    -^ 


.1 


«!. 


5; 


s 
7 


3>  S) 

>>  >> 

X  X 

T 


»i 


55     2 


X 


t^  CU  Cm 


18 


» 


U<f.lHll|.>)| 


;(». 


Lit 

■  —  u— 

'^11 


J-? 


I  I  t 


;  «  :  :  :  t  ««  «j2vS-iJ!  —  —  —  —  — 

.'.  i  ;'  -•  S  «  —  51  S  •  1-  13  ;  *<  "  s  •  ~  "" 


X'**!-*.'!"'*!;*^^  —  5  —  —  —  —  — 


?35;:j:-'3  3;s^J;?^!?M:?!?:>|532 


1I 


ill 


liiiiiiH^ii  ii'ilii 

ft  :  V, "  '^'  i  J  5  5  5  r.  w  « ■«  ?■_  S  =  -i  5 


'555'35555-^5^53'^55S3 


^.£ 


3F. 


i  VJ  —  M  Tl  n  •"•»»'*-■•'■"  " 

:^'ii  =  =  =  3  =  =  =  =  =  3 


i; 

I: 


^  _;•_  =  ../:  si  is  -■  a  =  -;•/;■  a:  =  -^  ►  :i  •*  « 


10 


V  -5  '2t 


11     1     '11 

•^  •*  '*  1^  2m  M 


?i  r;  —  r!  I- 


nil 

I; »  -  5 


3.T.; 


» i7  V7  'ii » V;  !5  5  ?:'  •;  f.  ?i  Vt  v,  ?i  ?.  ?.  sft  ?.  ?i  ?■  i  « ?i 

1- 


5:^^ft 


5M^2;:5^:;-.;:555^5a:;r??2S^f3f:"!f5;:       -ir^r^^ 


i  -4  -i  7  -  j  -7  -  -  ■  -^  -  -  "^  -  -T  i'  "7  -  -t  -J  -  "  ~ 


a  .-.  « 


«  X  1 .  5 


'-?       "J  u 


« 

i 


*  •-  ?.5  ?i?i  ?.  -  ?.  ?i  ?.  -  s  -  "  ••  >^  -  -  -  '  Ti  *  - 


I  r  r  3C 

1    1.    V    i 


:   :   :.'S   :   ; 


I   ^    i 


X.  •/.  Ji 


£  *  ■/  "  .'  ^  "^  -  ~         /;       .  —  i  ^         J    .     =         .  c  i  r  ^ 

^  _  J,         -  -'  ^  'f  ■=«'-':-£::  zi  :•  2  '2  s  ir  i  £?.-,  jj  ?.  ?;         -*«?-,♦ 


20 




X 

£  £ 

K}tJ»lllA>| 

11 

z 

'r*'i* 

***  ^ 

M. 

. 

Jli 

■r 

■*-  *  ^ 

=   u   D 

A  - 

•  "x 

J 

'".  s 

1  2 

b> 

c^  J  i 

, 

^ 

.=  u  s  ; 

'■*  ^  — 

^  ^ 

i 

y=x  - 

—       if 

- 

^  "7 

a 

,>:  S  is 

*  "i 

5  » 

„   . 

~      llj" 

"^  i 

"" 

2?— 

"   s 

**"  *^      7. 

5   !^   S 

;^i?: 

i  ". 

« 

i*  =-  " 

o>  si  =' 

b.      ^ 

~ 

s. 

»   ■- 

r. 

,  — 

i  iT 

t 

HSH 

=  I 

*  *< 

~r 

-    s   u  — 

"" 

—  » 

-^ 

i 

ST— 

s 


5".  3:  3-. 

il  il  I, 


i  111 

-         it 


^      .=  :    ; 


T 

3.  ■= 


--5 
52 


21 


S. 

la 

S 


•J      = 
■r       it 


■r.    X  ^  <- 


i>   i        i    i    i^    i  —  .■"        ■*    1-  .■ 

/     X     ;r     «     X     X     r 
f.    r.    i,    X    r    T.    J 


X 


■.-j=-  i  -   i  2. 


JiiJi^^i  =  r^i  = 


----{/i-rii-::*' 


X  -r  V  T  X  X  r 

"7  r.  S  ae  'a?  x  7 

i<  :'  :  iH  tj  1/  :^ 

:.  V  1)  3;  i«  V  ^ 


*  If  7  — 


i*i       I 


£SS^££^vI£l  Z  i>  i 


i 


^1.  ^ 

^ 

;i.&b;i. 

b-U. 

^ 

^f>,'A'a.'^ 

= 

■Tc  "  s!  ~   I   » 

^  ■* 

k 

==   ■  i.  "i  "i 

5  ii 

«  s  c  «  «  c 

=  m 

:     :  S  s  « 

1  ^ 

**"       X          "7 

X 

X      ■  ?l  l-O 

<i£ 

i3  =  x  -r  lO  — 

•■:  s* 

* 

M      ■  .S  —  S 

s 

•i05-*t-j^-J 

^  f 

■* 

1-    ■  r:  •>>'  ■♦ 

sH 

r:  r:  r:  m  n  r: 

•*  »:; 

«a 

'■■"■•'=?.g 

X  "'^ 

-. 

: 

;   :   :   :  ij 

X  •< 

—  - 

3^ 

•  X     • 

■    ;^:? 

3 
1                *. 

■C 

>--?.-s 

■  t 

■  >i  1  - 

1^1 i=J 

li 

_•  E  i  2  2 

■«  <^^ 

X 

"4 -A 'J 

ss 

—i 

i 


22 


i.'  -  —  —  --. *-i; 

s  is  .1!  i«  .-:  iS  «  «e  •■e  s  Q  «  _ 

»■  j»  ri  Ti  51 »)  »  3  S  5  !j  jj  ^ 

I.  rr->----:—r  ■:■■.-■ 


■ 
as 


,5'-   ■•  .3 


«  «  n  n  «  '^ 


"  '"• =  =  S 


U  51  lii  51  51  51  51  51  51  iS  ■::  l!i 


s  > 

>    F~ 


4 
» 


z; 


•f  jC  t"  »  ^  «  I-  51  X  !-•  3i  M 
i«  ^  OC  $  C  5  X  g  J",  .t  (C  l~ 


C  --:  I.  O  O  .-  -• 


=  =  3  =  =  '^='^'*  :'^='«      ! 
»  2       »  i  I.  1.  tS  k.  2  !■ 


l~5l  —  J!5I—  =  «5l4'>»  — 


S   !- 


.«  ■* 


y. 


51  is  «r  ^  iS  5J  I- 15  w  «  IS  -f 

I-  51  -"  I-  «i  —  i  -i  X  "f  "»  — 


ajS 


IS  1^  ^  ^  ^  rj  X  rt  ■*  —  I-  r. 
1- 1-  X  r:  is  51  51  51  3".  -»  :s  — 
xcx-ri-i-i-aiSMter: 

-r  ^t  X  51  51  —  51  X  s;  -N  ^ 


—    =    t_    .     *^  —    x    i-    ~ 

•O  * 


■y- 


=  3: 


23 


s 

i 


i 

% 

T 

1    U       1 

1 

i 

■i     fi       1 

'i    I'i      'i 

1       ^-x   ■ 

■J.  's  t  *  's  i  J,  *  '»  -  '* 

:^ 

"S-N-. -  =  =-«-  = 

1 

>  >■  " 

■£ 

:; 

;  5.  is  r.  s  —  C  1-  «  —  1- 

1 

2 

^ 

f 

y.  -•r:-Mr:r^ri"T  —  —  c 

- 

^ 

r 

£ 

^  ;  I  ;: 

r 

— 

—  ;=  if— 

■c  t  ^  -i  -—  »^  X  -t  -M  —  -M 

9C 

— 

.=  -  5  t 

y 

i  —  —  =  fj  Tl  ri  -M  iS.S  X 

-  ■?  —  i. 

1 

< 

» 

« 

f 

i 

"■" 

U 

i 

£ 

M 

b. 

- 

-i  X  <;  1-  1-  X  X  .s  X  X  .^ 

X 

a. 

r 

H 

2m 

•*. 

,  -, 

11 

> 

:          ft. 

^ 

':  s  »  s  if  i  ~  s  *  *  * 

r. 

-    I.    r.    r.    r.    r.  <*-   %   T.    X    r 

-?      ^      " 

5 

-?,2s;i?:2!.-:55ic 

c: 

X 

l^r:-x•w•^•  =  ^:-i  =  - 

3 

>     « 

i 

•■"=.• 

~     'Ji 


'->■;-  i 


■r.    ^ 
/.  — 


r       353r  =  =  =_s=^_3 


-::      :?  i:  -:  -J  —  -;  -.  *r.  3i  X  Cs, 


24 


m 


X     X     3£     » 

S    t    X    i, 
u   Z   iM   u 


~    ,1 


X  •-  —  —  — 

£    3>    L    i.    > 


1-3 


H      - 


>  .*  ."  '  ." 

__>  A  ^  J<  a* 

"7  "7  T  "7  "7 

X  '»  3C  -s-  -r 


—  o 


J  -^  -i      ■  !=         : 


25 


X 


X 


A 

J 


-  ! 


E  s  1 


5 


i'. 


1  !" 


i'. 


i7i?~~r...--  ...i.    .... 

C  ■"'=■=  i5      iS  i 

(i'-ii  =      6='r -«'-  =  --» 

»  i;   ;  - 

a    -  »i 

si's    .  •        ^::^  .-  .s 

?T     J  r  :|  -p     '^     ?:  s  5  ?:  5  i  I  s  5  5 
""^ 'i___      ____     ^_   _  __ 

s  tc  3i  X  1.x  1^  t  n  si  — c 

-        =!i  '     1  I  I  I  '  ;  f  !   I  i 

-  e  c  ri  x  t-1 »  ■<:'  i-  r;  ?i  — 


;  I 
> 


^  * 


a 


u  2  i  r: 

S  II  =  ~ 

1>  «  s  — 

s  *  =  = 


a 
Z 


a   »  3   - 


-   :  f 
r:       -  =  — -  -3 

-  ^    3    ^    -  -^  ^ 


ci     S??SS5S?55 


c 
Z 


ai  *  i_  _ 

?T      ==2-1      ^     5§ii5i«SS§§ 

..^^  .,  ->-  —  -»  —  — 


•j  -        - 


1^ 


S:  I  i-i  •£  1(5  >»  «  ji  -H  c 

1  '  :  I  i  I  I  I  I  I 

—  j;  X  I'-  'C  *ft  ^  ^:  G^  -^ 


20 


:«  !«  c  — 
t  *  =  = 


.5 .-: 

s  5  c  ' 


C:      * 


9  ^ 


J 

"s* 

5 


i    I     .= 


■'s    '1 

2:1 


?r      ==i4     ^     ^i?Sg?*sSs 


1  -J 


S.  'f- 


1*  D  =  '— 
Z  ^  ~  - 

a-  -■?? 


iS  m  T  ^      (5  o 

s:  X  1-^  «.■■•»  n  ti  — 


-^     ^i--^      ■—       "^ 


u  -  -  - 

<."•«: '"I 


z 


o>  X  t-^  ai  o  -r  CO  ri  — 

Mil 

8§SS§§§§i§ 

s  r:  X  t-  •-  .s  -r  «  It  — 


27 


■ 
o 

a 
■e. 


=     ~     S 


—      -     ■« 


r-     > 


5. 


» 

?■—  Sf' 

«r   "   * 

M  t:  ^ 
<  I  • 


=  -  t 


ii        ^ 


-  i'  J  i. 

r  ?t  =  a- 

it  S  s 

_     =     l'  If 

5 ""  -  2 


■5     ji 


r      ^       I     U) 


-  <^  ?;.£  S  i^     s  i  ^ 

?.    i    i    «    *  =   i    X    >.  = 


iil^t 


i  b  J. 


i    =    —        ."    i  fe  ?■  * 

—  rf   -       >  *•  >  >  > 
E-Xr-       O-S.  i.  i.  1. 

I       *'*\,'*\  '*  '*  \ 

Jli.l.ia  .1i«nil.10.l.l,J            _  -jr  —         —  -^  _  »  . 


•jaiVAV    III 

'J.l|l|ii||   Ml 

iiv  ](i  ajnNK.tj,{ 


1^  I-  w      '« i^      *       —      '*'= 


M   "0 

•.iniii|  js<l  jai^iii  __      ,^_ 

l(nni>JI|)  iilllKSVll  S  T  X  -t  i; 

jiv  ji>  .(luiivn^ 


5  s 


■-    V 
^  — 

"a  — 

X       - 


?; 


